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~˙M = −|γ|( ~M × ~H) + α
M






































~H = − δ
δ ~M
(2.3)




(2.4) Ku ( erg/cm
3)
K = Ku(1−m2z) (2.4)
2.5.2
(2.5) A ( erg/cm)






〈HTi (t)HTj (t+ τ)〉 =
2kBTα
|γ|vMs δ(τ)δij (2.6)
kB : , T : (K), α :





















LLG (3.1) ( )
~˙M = −|γ|( ~M × ~H) + α
M






~M = M~m (3.1) (3.3)
M ~˙m = −|γ|M~m× ~H + α
M
(M2 ~m× ~˙m) (3.2)
⇐⇒ ~˙m = −|γ|~m× ~H + α(~m× ~˙m) (3.3)
~m (3.4)
~m× ~˙m = −|γ|~m× (~m× ~H) + α~m× (~m× ~˙m)
= −|γ|[( ~H · ~m)~m− (~m · ~m) ~H] + α[( ~˙m ·m)~m− (~m · ~m) ~˙m]
= −|γ|[( ~H · ~m)~m− ~H] + α(−m) (3.4)
(3.3) ~m× ~˙m (3.4) (3.7)
11
~˙m = −|γ|~m× ~H + α[−|γ|(( ~H · ~m)~m− ~H) + α(− ~˙m)]
= −|γ|~m× ~H − α|γ|[( ~H · ~m)~m− ~H]− α2 ~˙m (3.5)
⇐⇒ (1 + α2) ~˙m = −|γ|~m× ~H − α|γ|[( ~H · ~m)~m− ~H] (3.6)
⇐⇒ ~˙m = −|γ|
1 + α2
[~m× ~H − α(( ~H · ~m)~m− ~H)] (3.7)
d = −|γ|
1+α2
, e = ~H · ~m (3.7) (3.8)
~˙m = d(~m× ~H + α(e~m− ~H)) (3.8)
(3.8) x, y, z (3.9) ∼ (3.11)
m˙x = d((myHz −mzHy) + α(emx −Hx)) (3.9)
m˙y = d((mzHx −mxHz) + α(emy −Hy)) (3.10)







= f(t, y(t)) (3.12)
∆t y(t) 1 y(t+∆t)
Taylor (3.13)












mx(t+∆t) = mx(t) + ∆t · d((myHz −mzHy) + α(emx −Hx)) (3.15)
my(t+∆t) = my(t) + ∆t · d((mzHx −mxHz) + α(emy −Hy)) (3.16)






k1, k2, k3, k4 (3.19)
~m(t+∆t) = ~m(t) +
1
6
(k1 + 2k2 + 2k3 + k4) (3.18)












, ~m(t) + k2
2
)
k4 = f(t+∆t, ~m(t) + k3)
(3.19)
(3.19) f(t, ~m(t)) (3.20)
f(t, ~m(t)) = ∆t · (~m× ~H + α(d~m(t)− ~H)) (3.20)














































































































































































































































































































































' mzi,j+1 − 2mzi,j +mzi,j−1
∆y2
(3.39)








 mxi+1,j − 2mxi,j +mxi−1,jmyi+1,j − 2myi,j +myi−1,j





 mxi,j+1 − 2mxi,j +mxi,j−1myi,j+1 − 2myi,j +myi,j−1






Si, Sj DMI (3.41) (
)[9]
























(3.42) D DMI DMI ~Dij 1/at






































































































































































































(zˆ × ~n)× ~m (3.52)
(3.52) ~n x





















(3.53) (3.54) (i = −1 or Nx)
(3.55) ∼ (3.60)




myi=−1,j = myi=0,j (3.56)








myi=Nx,j = myi=Nx−1,j (3.59)


















(3.53) (3.61) (j = −1 or Ny)
(3.62) ∼ (3.67)
mxi,j=−1 = mxi,j=0 (3.62)








mxi,j=Ny = mxi,j=Ny−1 (3.65)











±Mx,±My ±Mz 6 yz
xz xz
yz (x1, y, z)














































(i, j) (3.74) ∼ (3.76) (3.74),(3.75),(3.76)
qxx, qxy, qxz, qyy, qyz, qzz





[qxx(i0, j0) ·mx(i0 − i, j0 − j)
+qxz(i0, j0) ·my(i0 − i, j0 − j)
+qxz(i0, j0) ·mz(i0 − i, j0 − j)] (3.74)





[qxy(i0, j0) ·mx(i0 − i, j0 − j)
+qyy(i0, j0) ·my(i0 − i, j0 − j)
+qyz(i0, j0) ·mz(i0 − i, j0 − j)] (3.75)
20





[qxz(i0, j0) ·mx(i0 − i, j0 − j)
+qyz(i0, j0) ·my(i0 − i, j0 − j)
+qzz(i0, j0) ·mz(i0 − i, j0 − j)] (3.76)
(3.74),(3.75),(3.76) convolution nx, ny x, y
[17]












Z(Y 2 −X2) ln |D − Z|+ 1
6
(Y 2 + Z2 − 2X2)D (3.77)
F2(Z;X,Y ) = −XY Z ln |D + Z|+ 1
6









































































(−1)i+j+k−1sn(i)sn(j)sn(k)× F2 (x+ ax(i); y + ay(j), z + az(k))](3.84)
D, ax(1), ax(2), ax(3), ay(1), ay(2), ay(3), az(1), az(2), az(3), sn(1), sn(2), sn(3) (3.85),(3.86)
D =
√
X2 + Y 2 + Z2 (3.85)
ax(1) = −ddx, ax(2) = 0, ax(3) = ddx
ay(1) = −ddy, ay(2) = 0, ay(3) = ddy
az(1) = −ddz, az(2) = 0, az(3) = ddz
sn(1) = 1, sn(2) = 2, sn(3) = 1 (3.86)












Cq(j − i) ·M(j), (i = 1, · · · , n) (3.87)
HD,M n Cq 2n− 1 n
Convoluton HD(1), · · · , HD(n)
n M Cq n
Cq n
[18, 19]











n M Cq 2n
M ′, Cq′
M ′ : M(1),M(2), · · · ,M(n), 0, 0, · · · , 0
Cq′ : 0, Cq(−n+ 1), Cq(−n+ 2), · · · , Cq(0), Cq(1), · · · , Cq(n− 1)
M ’ M 0 n
Cq’ Convolution 2n− 1 0
M ′ Cq′
HD’ HD’(n + 1), · · · , HD’(2n)
M ’ n 0







~HT (3.88) ( )
〈HTi (t)HTj (t+ τ)〉 =
2kBTα
|γ|vMsσ(τ)σij (3.88)




































~H = ~HK + ~HEXT (4.1)
CoFeB [21]
: Ms = 1500 emu/cm
3
: Ku = 14.0 Merg/cm
3
: γ = 1.76× 107 rad/(s ·Oe)
















2 nm× 2 nm× 1 nm
4.2:
CoFeB[21]
: Ms = 1500 emu/cm
3
: Ku = 14.0 Merg/cm
3
: γ = 1.76× 107 rad/(s ·Oe)




































: ∆t = 0.01 ps
DMI : D = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0 erg/cm2
: d = 16, 20, 28, 36, 44, 52, 60, 68, 76, 84, 92, 100 nm
: α = 1.0
: tq(t)
tq0
< 10−4(tq : )
: 〈mz〉 < −0.95
6.1.2
d = 52, 60 ns



































(b) D = 1.0 erg/cm2


































(b) D = 1.0 erg/cm2
6.2: d = 60 nm
6.1 D = 0.0, 1.0 erg/cm2 HEXTz = 1100 Oe H
EXT
z = 1700 Oe
6.2 D = 0.0, 1.0 erg/cm2 HEXTz = 1100 Oe





































: ∆t = 0.01 ps
DMI : D = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0 erg/cm2
: d = 16, 20, 28, 36, 44, 52, 60, 68, 76, 84, 92, 100 nm
: α = 1.0
: tq(t)
tq0
< 10−4(tq : )
: 〈mx〉 > 0.95
6.2.2
d = 60 ns 6.4 (D = 0.0, 1.0 erg/cm2)
6.4(a) D = 0.0 erg/cm2 HEXTx = 900 Oe H
EXT
z = 1500 Oe
6.4(b) D = 0.0 erg/cm2 HEXTx = 900 Oe
HEXTz = 1800 Oe
d DMI 6.5
DMI
D = 1.0 erg/cm2 d = 44 nm







































(b) D = 1.0 erg/cm2




























































































































(b) HEXT = 1300 Oe






















6.8: D = 1.0 erg/cm2 DMI
6.7 60 nm 1100, 1300 Oe DMI
( ) DMI ( )
(HEXT = 1100 Oe( 6.7(a))) DMI 220 Oe
(HEXT = 1300 Oe( 6.7(b))) DMI
220 Oe DMI 550 Oe
150 Oe 6.3.2 DMI









































DMI D = 0.0 erg/cm2









DMI 2 ∆Hsw ∆Hsw = Hswx −Hswz
6.11 ∆Hsw
6.11 ∆Hsw = 0 Oe 6.10
6.12 ∆Hsw = 0 Oe




















































































































































































4. 3 2 ∆Hsw





















: ∆t = 0.01, 0.1, 1 ps
: α = 1.0
: ~m = (0.0, 0.0, 1.0)
: v = 1.78× 10−19 cm3




α ≥ 0.1 t ≤ 10 ns
( 7.1(a),7.1(b)) α ≤ 0.001 t ≤ 100 ns
( 7.1(d))
∆t = 0.01 ps
∆t = 1 ps
7.1.2
7.1:










: ∆t = 0.02, 0.025, 0.05 ps
: α = 1.0, 0.1
































































































































(b) α = 0.1







































(b) α = 0.1




D = 0.0 erg/cm2 α = 1.0 7.2(a) ∆t ≤ 0.1 ns
α = 0.1 7.2(b) ∆t ≤ 0.05 ns ∆t = 0.1 ns
D = 0.0 erg/cm2 ∆t ≤ 0.05 ns
D = 1.0 erg/cm2 α = 1.0 7.3(b) ∆t ≤ 0.1 ps
α = 0.1 7.2(b) ∆t ≤ 0.025 ns ∆ ≥ 0.05 ns
D = 0.0 erg/cm2 D = 1.0 erg/cm2 ∆t ≤ 0.025 ps
7.2,7.3













α = 1.0,∆t = 0.1 ps




: ∆t = 0.025 ps
: tp = 1, 3, 5, 10 ns
DMI : D = 0, 0.2, 0.4, 0.6, 0.8, 1.0 erg/cm2
: d = 50 ns
: α = 0.1
: T = 300 K( )
: N = 1000





































































































(d) tp = 10 ns
7.4: DMI
tp = 1 ns( 7.4(a)) DMI
9.8 tp ≥ 3 ns( 7.4(b),7.4(c),7.4(d))


































(b) D = 1.0 erg/cm2
7.5:
tp = 1, 3 ns p
sw = {0, 1} D = 0.0, 1.0 erg/cm2
7.6:
Spsw 7.4.1 (7.2)
Spsw = (tp = 1 ns tp > 1 ns p




7.8 7.7 D =
0.0 erg/cm2
D = 1.0 erg/cm2 30% D = 0.0 erg/cm2
















































tp = 1 ns( ) tp ≥ 3 ns
DMI D = 0.0 erg/cm2
D = 1.0 erg/cm2 30%
DMI
DMI
1. D = 0.0 erg/cm2
tp = 1 ns tp ≥ 3 ns
46
2. 1 2





















: ∆t = 0.025 ps
: tp = 1, 2, 3, 10 ns
DMI : D = 0.0, 1.0 erg/cm2
: α = 0.1
: N = 1000
: θ = 0, 2.5, 5.0, 10.0 deg
: 〈mz〉 < −〈minitz 〉 − σ(σ : )
8.1.2
8.3
θ = 0 deg




tp ≥ 3 ns
tp = 1 ns
DMI
D = 0.0, 1.0 erg/cm2
DMI θ ≤ 5 deg tp = 1 ns

































































































































θ ≤ 5 deg DMI
θ = 2.5 ∼ 5.0 deg
: ∆t = 0.025 ps
: tp = 1, 3 ns
DMI : D = 0.0, 1.0 erg/cm2
: α = 0.1
: N = 1000
: θ = 3.0, 3.5, 4.0, 4.5 deg






































D = 0.0 erg/cm2 D = 1.0 erg/cm2
θ ≥ 3.5 deg D = 0.0 erg/cm2
D = 1.0 erg/cm2 θ ≥ 3.5 deg
DMI θ ≤ 3.0 deg





















psw < 0.1 psw < 0.1
8.6
tp = 1 ns( 8.6(a))














































































































θ ≤ 3.0 deg





















DMI tp = 1 ns DMI
tp ≥ 3 ns





θ ≤ 3 deg
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